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Analysis of Mixtures of Solanidine and Demissidine Glycoalkaloids Containing

Identical Carbohydrate Units

Mixtures of solanidine-based glycoalkaloids and demissidine-based glycoalkaloids were hydrolyzed under
conditions that quantitatively yield solanthrene from the former and demissidine from the latter. The

method has been applied to the analysis of potato tuber samples that contain glycoalkaloids differing

only in the structure of the aglycone, i.e., solanidine vs. demissidine.

Plants of the Solanum genus contain potentially toxic
compounds which are carbohydrate derivatives of 3-
hydroxysteroidal alkaloids. These compounds are com-
monly referred to as glycoalkaloids. Their presence in
edible plants such as potato, tomato, and eggplant has been
of concern because of their toxicity. Although they are
usually found at levels that are not toxic, isolated instances

of illness and even death (Hansen, 1925) have been as-
cribed to potato glycoalkaloids.

Much research has been devoted to the identification
(Schrieber, 1968). and quantitation (Bretzloff, 1971,
Fitzpatrick and Osman, 1974) of glycoalkaloids, partic-
ularly in edible plants. Most of the recent qualitative
analysis has been done by thin-layer chromatography



(TLC) (Boll, 1962), or by gas-liquid chromatography
(GLC) (Herb et al., 1975) for the analysis of permethylated
derivatives. The absence in glycoalkaloids of a chromo-
phore absorbing above 210 nm has been a primary obstacle
in employing a UV detector in conjunction with high-
pressure liquid chromatography, and attempts to apply it
to glycoalkaloid analysis have been unsuccessful. Most
known glycoalkaloids (Schrieber, 1968) can be separated
by either TLC or GLC or a combination of both.

We have recently isolated two glycoalkaloids that could
not be separated by chromatographic methods at our
disposal, including argentation chromatography. Initially
the two compounds were isolated from separate sources.
One was characterized as O-a-p-glucopyranosyl-(1—2)-
0-[a-D-glucopyranosyl-(1—->3)]-a-D-glucopyranosyl-(1—>
4)-O-galactopyranosylsolanidine which contains a A5
double bond in the steroidal aglycone. The other com-
pound was identified as the identical compound except
that the aglycone is saturated in the A5 position. At
approximately the same time that these compounds were
being characterized, one of the authors (S.S.) found evi-
dence, based on reaction with antimony trichloride on TLC
plates, for the presence of mixtures of these two glyco-
alkaloids in S. chacoense tuber samples that were being
analyzed as part of a genetic study of glycoalkaloid in-
heritance. Critical to the study was the determination of
the relative amounts of each of these compounds in the
samples. We now report a method based on controlled
hydrolysis, which gives the desired products followed by
GLC analysis, for the determination of these compounds.
This method is also applicable to other glycoalkaloids that
differ only by a double bond in the A5 position.

EXPERIMENTAL SECTION

Glycoalkaloid fractions from potato tuber tissue were
isolated by extraction in a Waring blendor with methanol
containing a trace of glacial acetic acid (0.01%). Following
extraction, the methanolic solution was made basic with
concentrated NH,OH, heated for 1 h at 70 °C, and then
refrigerated overnight. The solution was centrifuged and
the supernatant was removed. For hydrolysis, a portion
of the precipitate (ca. 1-2 mg) was dissolved in 0.5 mL of
M H,S0, and heated in a 5-mL screw-capped vial at
95-100 °C for 1.5-2 h. The solution was then cooled, made
basic with concentrated NH,OH, and extracted, in the vial,
with 2 X 1.0 mL of benzene. The benzene extracts were
combined and concentrated to ca. 0.1 mL. A 5-uLs aliquot
of this sample was subjected to GLC analysis using the
following conditions: column, 3% OV-17 coated on Gas
Chrom-Q packed in !/ in. X 10 ft glass column; oven
temperature programmed from 200 to 280 °C at 6 °C per
min; He flow rate, 30 mL/min, FID detector. The identity
of the GLC peaks was determined by combined GLC-mass
spectrometry using an LKB-9000 mass spectrometer.
Glycoalkaloids were separated on silica gel G 250-m plates
(Analtech) using CHCl;/MeOH (1/1) saturated with 1%
NH,OH as the developing solvent. Aglycones and their
derivatives, e.g., solanthrene, were developed with 5%
MeOH in benzene on silica gel G. Mass spectra of purified
aglycones were compared with authentic samples.

RESULTS AND DISCUSSION

The hydrolysis of carbohydrate derivatives of the A5
unsaturated 38-o1 solanidine (Ia, Figure 1) under the above
hydrolysis conditions yields primarily the A3,A5 diene,
solanthrene (Ib), whereas glycosides of demissidine (Ie)
upon hydrolysis yield demissidine (Id). Since direct
chromatographic methods were unsuccessful in separating
Ia from Ic (when R was identical in both cases), we
concluded that exploiting this difference in the course of
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Figure 1. Hydrolysis products of solanidine and demissidine
glycoalkaloids (R = sugar moieties).
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Figure 2. (a) TLC of glycoalkaloids from two S. chacoense
samples. (b) GLC of aglycones obtained by preparative TLC of
R; 0.25 glycoalkaloids from A and B, followed by hydrolysis.

Table I. Ratio of Solanine (Sol) to Demissine (Dem)
Obtained by Hydrolysis of Synthetic Mixtures

Sol/Dem, Sol/Dem, %
Sample caled obsd recov.
1 10/90 13/87 89
2 25/75 27/73 91
3 50/50 50/50 87
4 90/10 85/15 89

hydrolysis offered the best method for the quantitative
analysis of two such similar compounds in the presence
of eath other. The primary problem was to define hy-
drolysis conditions that would give the desired products
in high yield. Hydrolysis conditions that were too mild
would lead to incomplete hydrolysis of the glycoside and,
in the case of solanidine glycoalkaloids, incomplete con-
version to solanthrene. Hydrolysis conditions that were
too vigorous could result in the destruction of solanthrene
and in dehydration products of demissidine. After ex-
amining a variety of hydrolysis conditions including time,
temperature, acid strength, and acid type, we concluded
that the optimum hydrolysis condition for obtaining the
desired products is: 2 N H,SO, at 95-100 °C for 1.5-2 h.
The accuracy of the method was demonstrated through
the analysis of a series of known mixtures of demissine and
solanine. The former contains the demissidine aglycone,
the latter the solanidine aglycone. It would have been
desirable to use glycoalkaloids containing identical car-
bohydrate moieties; however, no such combination was
available in sufficient quantity. Acceptable ratios of so-
lanidine type to demissidine type were obtained, and the
overall yield (based on GLC peak areas) indicated the
method to be almost quantitative (Table I).

The method has been applied to the analysis of gly-
coalkaloid fractions from tuber samples mentioned above.
Figure 2a shows a typical TLC separation of two of the



samples in the study. Under any chromatographic con-
ditions we investigated, similar results were obtained, i.e.,
the glycoalkaloids in both samples had identical R; values,
and only by the use of SbCl; as spray reagent was it
possible to detect that different glycoalkaloids were present
in the samples, by the intensity of violet color development.
GLC traces of the hydrolyzates of R; 0.25 from both
samples are shown in Figure 2b. One sample was com-
posed of demissidine glycoalkaloids almost exclusively.
The other sample was a mixture of demissidine and so-
lanidine glycoalkaloids.

Anomalous peaks that were found in the GLC analysis
in most cases appeared to occur because of lack of complete
removal of lipids in the initial isolation of the glycoalkaloid
fraction; these peaks did not interfere with the analysis
but could be removed by washing the glycoalkaloid pre-
cipitate with chloroform.

Although we investigated only glycoalkaloids containing
the aglycones solanidine and demissidine, the method
should also be applicable to such pairs as tomatidine (A5
saturated) and tomatid-5-en-3-ol (A5 unsaturated).
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